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Summary
Objective: To cross-culturally adapt and validate Singapore English and Chinese versions of the Oxford Knee Score (OKS) in patients with
knee osteoarthritis (OA) undergoing total knee replacement (TKR) surgery.
Methods: Singapore English and Chinese OKS versions were cross-culturally adapted from the source English version following standard
guidelines (including cognitive debrieﬁng), and validated by interviewing patients in English or Chinese using an identical, pretested question-
naire containing the OKS, Short Form 36, and EQ-5D. Reliability was assessed using Cronbach’s a, dimensionality using principal component
factor analysis and item-total correlations, convergent and divergent construct validity by assessing six and three a priori hypotheses,
respectively.
Results: The Singapore English and Chinese OKS were well accepted by patients in pilot testing. When administered to a consecutive sample
of 127 English and 131 Chinese-speaking Singaporeans with knee OA (mean age 66 years, 83% female, mean duration of OA 6 years,
Chinese:Malay:Indian:Others¼ 78:7.9:11:3.1% for English version), Cronbach’s a exceeded 0.8 and factor analysis yielded three factors
for both versions. Hypothesized item-total correlations (Spearman’s r 0.4) were observed for all items except limping, kneeling, and night
knee pain in both versions. Convergent construct validity was supported by the presence of hypothesized moderate/strong correlations
(r¼ 0.37e0.73) for six and ﬁve a priori hypotheses in English and Chinese versions, respectively. Divergent construct validity was supported
by the presence of weak correlations (r¼ 0.09e0.30) for all three a priori hypotheses in both versions.
Conclusion: Singapore English and Chinese OKS demonstrated good patient acceptability and psychometric properties (including construct
validity) among multiethnic Asian patients with knee OA undergoing TKR.
ª 2007 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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2007.10Introduction
Knee osteoarthritis (OA) is characterized by pain and phys-
ical disability, which lead to signiﬁcant reductions in health-
related quality of life (HRQoL) of patients1e5. Total knee
replacement (TKR), though expensive6e8, is among the
most effective treatments recommended for patients with
severe knee arthritis and can result in substantial improve-
ments in HRQoL9e11.
A valid HRQoL questionnaire has been found to direct re-
late to the appropriateness of TKR12, and has demonstrated
that HRQoL can be a useful measure of outcome of such
surgery11,13. Currently, a number of generic (e.g., the Short19
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questionnaires (e.g., the WOMAC) can successfully detect
improvements in HRQoL of patients after TKR11,12,14. Al-
though useful, they are rather lengthy and may not fully cap-
ture the changes in HRQoL caused by TKR, as they were
not designed speciﬁcally for measuring the outcome of
this procedure. The Oxford Knee Score (OKS) is a 12-
item questionnaire developed speciﬁcally for use in TKR
and has demonstrated good validity, reliability, and sensitiv-
ity to change in different countries15e19. With the rapidly
aging population in Asia, an increasing number of TKR
surgeries are being performed. It is thus necessary to
have a valid and reliable HRQoL questionnaire such as
the OKS to measure the outcomes of TKR in Asia. The ob-
jective of this study was therefore two-fold: ﬁrst, to cross-
culturally translate and adapt original English version of
the OKS, and second, to validate Singapore English and
Chinese versions of the OKS in a multiethnic sample of
Asian patients with knee OA undergoing TKR. The valida-
tion of these two versions of the OKS would provide a nec-
essary foundation for their use among Chinese, Malay, and
Indian OA patients undergoing TKR in Singapore, as well
as supporting further work to prove the usefulness of the
OKS in other Asian socio-cultural contexts and languages.
Methods
CROSS-CULTURAL ADAPTATION
The Singapore English version of the OKS was culturally
adapted from the source English version, while the Singa-
pore Chinese version was translated from the source
English version following standard guidelines recommen-
ded by Guillemin et al.20 Brieﬂy, two bilingual translators
proﬁcient both in English and Chinese independently
translated the source English version into Chinese and
then developed a reconciled version, which was back
translated into English by another two independent bilin-
gual translators. Further reﬁnements to the Singapore Chi-
nese version were made based on feedback from back
translation. The English and Chinese versions were used
in cognitive debrieﬁng interviews with ﬁve English- and
ﬁve Chinese-speaking subjects with knee OA, respec-
tively. Both versions were revised after taking into account
the results of cognitive debrieﬁng, and were further revised
based on feedback from pilot testing in 10 English and
Chinese-speaking subjects with differences resolved by
reaching a consensus among the authors.
VALIDATION STUDY
Data collection
In this institutional review board approved study, a con-
secutive sample of subjects with knee OA scheduled for
TKR was recruited from the Department of Orthopaedic
Surgery at the Singapore General Hospital, a tertiary refer-
ral hospital in Singapore, from August to December 2005.
All subjects were eligible if they were diagnosed with knee
OA by their attending orthopedic surgeon based on typical
clinical and radiographic features, and agreed to participate
in this study. Each subject was interviewed by a trained in-
terviewer in either English or Chinese using an identical,
pretested questionnaire containing the OKS, SF-36, and
EQ-5D and assessing socio-demographic data and the
presence of chronic medical conditions.Instruments
The OKS, a procedure- and joint-speciﬁc HRQoL instru-
ment, consists of 12 questions assessing pain and physical
disability using a 5-point Likert scale scoring system, which
yields a single score ranging from a best functional outcome
of 12 to a worst functional outcome of 6016.
The SF-36 is one of the most widely used generic HRQoL
instruments worldwide. It contains 36 items which measure
perceived health in eight domains, namely, physical func-
tioning (PF), role-physical (RP), bodily pain (BP), general
health (GH), vitality (VT), social functioning (SF), role-
emotional (RE), and mental health (MH), with higher scores
(range, 0e100) reﬂecting better perceived health21. Both
English and Chinese versions of the SF-36 have been
validated for use in Singapore22.
The EQ-5D self-report questionnaire (EQ-5D) measures
HRQoL on the day of administration using a self-classiﬁer
and a visual analog scale (EQ-VAS). The self-classiﬁer con-
sists of a 5-item descriptive system and assesses health
status in the domains of mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression, which produces
a utility index based on responses to the classiﬁer23. The
EQ-VAS is a vertical, graduated (0e100 points) 20 cm ‘ther-
mometer’ with 100 representing ‘‘best imaginable health
state’’ and 0 representing ‘‘worst imaginable health state’’.
Again, both the English and Chinese versions of EQ-5D
have been validated for use in Singapore24,25.
Assessment of psychometric properties
Data were entered into a Microsoft Excel spreadsheet
(Microsoft Corporation, Redmond, WA) and analyzed using
SPSS 13.0 (SPSS Inc., Chicago, IL). All tests were two-
tailed and conducted at a 5% level of signiﬁcance. Content
validity, which refers to the adequacy of content of an instru-
ment in terms of the number and scope of the individual
questions26, was assessed through cognitive debrieﬁng
and pilot testing in patients with knee OA by asking subjects
whether any items were irrelevant, and whether any impor-
tant domains of HRQoL were not included in the OKS. As
part of the cognitive debrieﬁng process, patients were
asked if they understood the meaning of each OKS item,
and to suggest possible alternative words/phrases if they
did not. Internal consistency reliability, which measures
the extent to which items within a multi-item scale all mea-
sure the same concept26, was assessed using Cronbach’s
a27. The effect of removing any single question on a was
also examined16,17. Cronbach’s a 0.7 is generally re-
garded as acceptable for group comparisons, and 0.9
for individual comparisons26. Dimensionality was assessed
through exploratory principal component factor analysis
with non-orthogonal promax rotation28 based on the well-
known fact that pain and physical function in OA are closely
related29. An eigenvalue criterion of more than 1.0 was
used for this factor analysis13. Additionally, the item-total
correlation with excluding the contribution of the item to
the total score (i.e., corrected for overlap) was assessed
using Spearman’s rank correlations (r) between the OKS
score and it’s constituent items, with r  0.4 considered
acceptable26. Construct validity was assessed through as-
sessing the presence of hypothesized Spearman’s rank
correlations of the OKS with SF-36 domains based on the
literature15e19, and EQ-5D domains based on clinical expe-
rience. We elected to use the SF-36 and EQ-5D in assess-
ing construct validity as these instruments have been
validated for use in Singapore. As recommended in the
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<0.35 were considered strong, moderate, and weak, re-
spectively30. For convergent construct validity, six a priori
hypotheses were generated for which moderate to strong
correlations (r 0.35) were expected between the OKS
andSF-36PF, RF, BP16 andEQ-5Dmobility, usual activities,
and pain/discomfort scores. For divergent construct validity,
three a priori hypotheseswere generated for which weak cor-
relations were expected between OKS and SF-36 RE and
mental health16 and EQ-5D anxiety/depression scores.
Results
CROSS-CULTURAL ADAPTATION PROCESS
Singapore English and Chinese versions of the OKS
were well accepted in cognitive debrieﬁng and pilot testing.
Subjects understood the OKS, and opined that all items
were relevant and that no important areas had been
omitted by this instrument. Thus, both versions were used
in the subsequent validation study without any further
revisions.
VALIDATION STUDY
Subject characteristics
Subjects included 127 English-speaking and 131 Chi
nese-speaking subjects with knee OA. Characteristics of
the subjects in each language group are shown in Table I.
The mean age of subjects was 66 years with the majority
being female (82.6%), ethnic Chinese (89.1%), with
a mean duration of OA of 6 years.
Assessment of psychometric properties
OKS scores were normally distributed, with no missing
data for any item. Distribution of scores was comparable be-
tween English and Chinese versions. Although ﬂoor or ceil-
ing effect was observed for individual items, there was no
pronounced ﬂoor or ceiling effect for either version at a scale
level (Table II). Internal consistency was good, with Cronba-
ch’s a of 0.82 and 0.81 for English and Chinese versions,
respectively. Cronbach’s a was slightly decreased when re-
moving any item with the exception of limping in both ver-
sions and night knee pain in the English version (Table
II). Item-total correlations (corrected for overlap) exceeded
0.4 for all but three items, namely, limping, kneeling, and
night knee pain in both versions (Table II).
As shown in Table III, exploratory principal component
factor analysis with non-orthogonal promax rotation
extracted three factors in both versions of the OKS. The
three factors accounted for 60.5% and 53.6% of the vari-
ances in the English and Chinese versions, respectively.
In the English version, items measuring physical disability
generally loaded onto factor 1 while those measuring pain
loaded onto factor 2. Factor 3 appears to be a construct
related to both pain and physical disability. In the Chinese
version, 10 items measuring pain or physical disability
loaded onto factor 1, while limping loaded onto factor 2
and kneeling and night knee pain loaded onto factor 3.
In testing convergent construct validity, there were mod-
erate to strong correlations for six and ﬁve a priori hypothe-
ses for English and Chinese versions, respectively, with the
exception of the Chinese OKS correlating weakly with
SF-36 bodily pain scores (Table IV). All three a priorihypotheses for divergent construct validity were supported
in both versions (Table IV).
Discussion
In this study, we found that cross-culturally adapted
Singapore English and Chinese versions of the OKS were
well accepted and demonstrated good psychometric prop-
erties (including good construct validity) in a multiethnic
sample of Asian knee OA patients undergoing TKR. To
the best of our knowledge, this is one of the ﬁrst studies
validating English and Chinese versions of the OKS in
Asia15. The implications of these ﬁndings are two-fold. First,
they suggest that both versions are reliable and valid
HRQoL measures in this socio-cultural context, and may
thus complement clinical and radiological assessment in
providing a more holistic assessment of the outcomes of
TKR from the perspective of patients. Second, the ﬁndings
provide the basis for further studies to determine the possi-
bility of using the OKS for measuring outcomes of TKR, and
possibly as a screening test for TKR, in Asian patients.
Patient acceptability, internal consistency and construct
validity of both versions of the OKS were acceptable in
this study because they satisﬁed appropriate methodo-
logical criteria26,30. Construct validity of both versions
was supported by the presence of all hypothesized
Table I
Characteristics of subjects completing Singapore English and
Chinese versions of the OKS
n (%) unless stated
English (n¼ 127) Chinese (n¼ 131)
Mean (SD), age (years) 65.3(7.9) 67.8(7.1)
Female 97(76.4) 116(88.5)
Ethnicity
Chinese 99(78.0) 131(100.0)
Malay 10(7.9) e
Indian 14(11.0) e
Others 4(3.1) e
Years of education
No formal education 34(26.8) 73(55.7)
1-6 44(34.6) 41(31.3)
7-10 33(26.0) 13(9.9)
>10 12(9.4) 2(1.6)
Married 113(89.0) 122(93.1)
Retirees/homemakers 103(81.1) 119(90.8)
Mean(SD), body mass index* 28.6(5.4) 27.8(3.9)
Mean(SD), duration of OA
(years)
5.9(5.6) 6.1(4.7)
Knee scheduled for surgery
Right 75(59.1) 74(56.5)
Left 50(39.4) 56(42.7)
Both 2(1.6) 1(0.8)
Presence of chronic medical
conditionsy
87(68.5) 89(67.9)
SD: standard deviation.
*A total of 115 English- and 124 Chinese-speaking patients were
obese which is deﬁned as body mass index exceeding 2332,33.
yChronicmedical conditions includedhypertension (n¼ 143), back
pain (n¼ 37), hyperlipidemia (n¼ 36), diabetes mellitus (n¼ 29),
rheumatoid arthritis (n¼ 27), cardiovascular (n¼ 11) or respiratory
diseases (n¼ 5) and other conditions (n¼ 14, including peptic ulcer
disease, anemia, depression, osteoporosis, cancer and asthma).
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Score distributions and reliability of Singapore English and Chinese versions of the OKS
OKS item (score range 1e5) Mean (SD) % At ﬂoor/ceiling Item-total correlation a if item removed
English Chinese English Chinese English Chinese English Chinese
Usual level of knee pain 4.44(0.74) 4.43(0.75) 57.5/0 55.7/0 0.60 0.45 0.81 0.80
Trouble with washing and drying 1.83(1.02) 1.69(0.92) 0/53.5 0.8/57.3 0.40 0.40 0.81 0.80
Trouble with transport 2.82(1.17) 3.32(1.19) 3.9/17.3 14.5/9.9 0.64 0.65 0.79 0.77
Walking time before severe pain 2.74(1.04) 2.95(1.00) 3.9/13.4 4.6/10.7 0.59 0.56 0.80 0.78
Pain on standing up from sitting 2.91(1.06) 2.84(1.20) 1.6/11.0 5.3/16.8 0.64 0.54 0.80 0.78
Limping when walking 3.95(1.49) 3.83(1.49) 61.4/10.2 54.2/12.2 0.15* 0.21* 0.84 0.82
Difﬁculty with kneeling 4.64(0.75) 4.73(0.57) 76.4/0 79.4/0 0.30* 0.33* 0.82 0.80
Pain in bed at night 2.57(1.62) 2.26(1.33) 21.3/44.9 9.9/43.5 0.25* 0.28* 0.83 0.81
Work interference due to pain 3.17(1.15) 3.18(1.18) 11.0/11.0 12.2/11.5 0.60 0.56 0.80 0.78
Sense of knee instability 2.23(1.29) 2.16(1.28) 6.3/38.6 6.1/42.0 0.44 0.45 0.81 0.79
Doing household shopping alone 3.30(1.32) 3.37(1.26) 24.4/11.8 26.0/6.9 0.63 0.63 0.80 0.77
Trouble with walking down stairs 3.39(0.88) 3.62(0.88) 10.2/0.8 14.5/0 0.75 0.64 0.79 0.78
Total 37.97(8.11) 38.37(7.56) 0/0 0/0 e e 0.82 0.81
SD: standard deviation.
*Item-total correlation less than 0.40.correlations between the OKS and SF-36 and EQ-5D
domains measuring similar constructs, with the exception
of the Chinese OKS correlating weakly with SF-36 bodily
pain scores.
The results of exploratory factor analysis and item-total
correlations in this study raise the possibility that the OKS
may have a factor structure encompassing more than one
underlying domain of health. In both versions, the items
measuring pain and physical disability did not load on to
the same factor. Additionally, several items correlated
more weakly than expected with the OKS score in both ver-
sions. First, the item ‘‘limping when walking’’ loaded on
a factor other than those representing pain and physical dis-
ability, and correlated weakly with the OKS score in both
versions. Internal consistency (measured by Cronbach’s a)
improved for both versions when this item was removed
(Table II). This may further support the hypothesis that
this item measures a construct other than pain and physical
disability. Second, the item ‘‘difﬁculty with kneeling’’ showedthe highest score (i.e., greatest impairment) among all
items, suggesting it was very difﬁcult to perform in these
patients. Patients are also advised not to kneel after TKR
unless absolutely necessary31. For these reasons, this
item may not perform as it was designed to, as reﬂected
in the results of factor analysis and item-total correlations.
The main limitation of the present study is that we did not
examine testeretest reliability and sensitivity to change of
the OKS, which we plan to address in a subsequent
prospective study. We did not have the opportunity to per-
form testeretest reliability as most patients in this study
underwent TKR within a week after the OKS was ﬁrst
administered.
In conclusion, Singapore English and Chinese versions
of the OKS demonstrated good patient acceptability and
psychometric properties (including construct validity)
among multiethnic Asian patients with knee OA undergoing
TKR, suggesting that this instrument is suitable for assess-
ing outcomes of TKR in these patients.Table III
Exploratory factor analysis of Singapore English and Chinese versions of the OKS
Item Factor
English version Chinese version
1 2 3 1 2 3
Usual level of knee pain 0.09 0.63 0.33 0.68 0.32 0.31
Trouble with washing and drying 0.68 0.19 0.50 0.68 0.28 0.16
Trouble with transport 0.64 0.24 0.03 0.69 0.13 0.02
Walking time before severe pain 0.83 0.15 0.04 0.55 0.27 0.08
Pain on standing up from sitting 0.30 0.57 0.15 0.66 0.03 0.11
Limping when walking 0.19 0.11 0.79 0.20 0.93 0.11
Difﬁculty with kneeling 0.14 0.01 0.64 0.21 0.19 0.75
Pain in bed at night 0.20 0.88 0.08 0.42 0.03 0.57
Work interference due to pain 0.73 0.03 0.01 0.60 0.18 0.12
Sense of knee instability 0.70 0.02 0.23 0.67 0.16 0.07
Doing household shopping alone 0.77 0.22 0.30 0.51 0.43 0.02
Trouble with walking down stairs 0.74 0.02 0.28 0.68 0.12 0.14
Initial eigenvalue 4.72 1.41 1.13 4.23 1.16 1.04
Variance accounted for (%) 39.33 11.74 9.40 35.22 9.70 8.65
Pattern matrix was resulted from principal component factoring with promax rotation with the items loading more than 0.4 in bold italics.
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